Abstract
several factors including phenotypic, environmental, management, climate, and intestinal 23 microbiome) have been associated with increased risk of dysautonomia. But despite the extensive 24 research on dysautonomia, it's causative factors have yet been identified. A retrospective pedigree 25
and phenotype based genetic epidemiological study was performed to analyze the associations of 26 disease occurrence and the kinship in a Hungarian large scale stud. The pedigree data set containing 27 1233 horses with 49 affected animals was used in the analysis. The first finding was that among the 28 descendants of some stallions the proportion of affected animals are unexpectedly high, with a 29 maximum of 25% of a stallions descendants affected. Animals with affected siblings have higher 30 odds to be a case (OR: 1.27, 95% CI: 1.01-1.57, p=0.033). Among males in the affected population 31 the odds of dysautonomia is higher than in females (OR: 1.76, 95% CI: 0.95-3.29, p=0.057). 32
Significant familial clustering was observed among the affected animals (GIF p=0.001). Further 33 subgroups were identified with significant (p<0.001) aggregation among close relatives using 34 kinship-based methods. Our analysis of the data and the observed higher disease frequency in males 35 suggests that dysautonomia may have X-linked recessive inheritance as a causal factor. This is the 36 first study providing ancestry data and suggesting a genetic contribution to the likely multifactorial 37 causes of the disease. 38 Safety Office). Health and pathologic data was collected from the stud records of the affected stud. 96
Statistical analyses 97
For testing the sex independence of the EGS condition, Fisher's exact test was used (Agresti, 2007) . 98
The confidence interval of prevalence was estimated by Wilson method (Agresti and Coull, 1998). 99
The family aggregation was analyzed by genealogical index analysis (Hill, 1980) The mares' successor was also analyzed, but there was no similar large outcome frequency foun 122
With the genealogical index analysis we found that the mean kinship is significantly higher 2007b) and that the lesions caused by this toxin (BoNT-C) were similar in the affected horses' nerve-160 endings as described in in vitro rat tissue studies (Williamson et al., 1995) . Systemic antibody levels 161 after vaccination against C. botulinum showed favorable results in some case-control studies (Hunter  162  et The disease is most prevalent in horses between 2-7 years old with a peak at the age of 4-5 years 167 (McCarthy et al., 2001 ). In the present study, the mean age of the diseased animals was 2.45±0.54 168 years which agrees with other reported findings. Although there was no sex-predisposition in the 169 previous studies (Wylie 2014), we found a higher odds (OR: 1.76) in males to be affected. This 170
indicates that a possible X-linkage should be considered. The X-linked association could not be 171 completed because of the high occurrence of consanguineous matings in the pedigree. 172
The overall disease prevalence was 3.97% in the study population which agrees with previous studies 173 in Great-Britain (Cottrell, et al., 1999) , but some stallions (e.g. Stallion Nr 719 had 7/32 [21.9%] 174 diseased foals) had much higher number of affected descendants than the population average. 175
A familial aggregation test is the first step in the identification of genetic determinants of a disease 176 (Matthews et al., 2008) . If aggregation is found, more refined genetic studies are needed to identify a 177 specific alteration in genetic material (e.g. mutation). In this study, one mare (Nr. 933) was found to 178 be highly connected to other affected animals based on kinship analysis. Evaluating the pedigree of 179 mare Nr. 933 we found numerous consanguineous matings leading to inbreeding. 
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